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based methods, notably those described for MPEG-E video in 1101 and earlier for DCT-JPEG images in [SI, assume a smoothness constraint on the image intensity. These methods define an object function which measures the variation at the border between the lost block and its neighbors, and then proceed to minimize this object function. The work in 1111 describes a different DCT based interpolation scheme which uses only 8 border pixels to reconstruct the 64 lost DCT coefficients. The idea of [XI, which exploits interblock and minimizes the squared between the lost block and its neighbors, forms the start. ing point of the present work. The novelty of our method is that it first classifies the lost blocks as "edgy"
,-non.e,jgy", and then selectively applies the linear least squares interpolation on various scales of the DWT. No side information about the image is assumed in this study.3
In common operation of still image compression standards like of n x n (n being a power of 2) pixels, calculates a 2-D transform, quantizes the transform coefficients and encodes them using Huffman or arithmetic coding. In common wireless scenarios, the image is transmitted over the wireless channel block by block. Due to severe fading, entire image blocks can be lost. In 121 the authors report that average packet loss rate in a wireless environment is 3.6% and occurs in a bursty fashion.
Error resilient channel coding schemes (e.g.. Forward Error Correction) use Reed Solomon codes or convolutional codes to reconstruct the lost portion of the bitstream, sacrificing some useful bandwidth in the process. This method. which is designed for a fixed bit error rate (BER), cannot completely prevent loss of data when the BER is unknown. as in most practical cases.
The common techniques to recover the lost block are grouped under Automatic Retransmission Query Protocols (ARQ). As noted in [3l. ARQ lowers data transmission rates and can further increase the network congestion which can aggravate the packet 111. THE PROPOSED ALGORITHM loss. .Instead, we show that it is possible to satisfactorily reconstruct the lost blocks by using the available information sur-Once the missing block has been detected, the reconstruction rounding them. The basic idea is to first automatically classify of lost blocks includes the following steps: 1. Classify lost the block with respect to the presence or absence of an edge, and 'D. Donoho and R. DeVore are currently working on an interpolation scheme then to interpolate the missing block from its 8-neighborhood. coefficients greater than an empirically determined lhrerhold TI.
blocks into "edgy" and '"non-edgy,'' 2. Reconstruct from selected edgy blocks in the E-neighborhood and non-edgy while minimizing Et ~ ,I X, -Tb ,lz where x, = blocks from selected non-edm blocks in the 8-neighborhood.
--
We now proceed to describe each one of these components. In the following explanation and the results, we have used 8 x 8 tiles. though the method is easily extendable for 16 x 16 and larger tiles. Then we find z21 and 222 while minimizing the squared at the bottom border, i.e we solve 1 :
A. Block classification
The magnitude of a wavelet coefficient specifies both the amount of change, as well as the spatial location at which the said change occurs. For the wavelet decomposition of a 8 x 8 image block shown in Fig. 1 
E. The reconstruction method
J while minimizing Eb = 11 x b -~t 11' where xb = For 8 x 8 tiling. the finest level is V2. which is a 4 x 4 matrix. To reuse the above equations. consider the V 2 levels of the missing block. and top and bottom blocks. Now split the rows of 4 coefficients into two groups of two coefficients each, as shown in Fig.3 . and form the 2 x 2 matrices X.T.and B as above. To reconstruct the top and bottom row of V 2 level, we will need to form X.T,and B matrices twice (i.e once for each group).
These reconstructed outer rows, are used in the reconstruction of the middle two rows, by repeating the procedure as shown in the right half of Fig.3 . Note that, in forming these groups of two coefficients. we choose to pair alternate coefficients in the left half of Fig.3 . but successive coefficients in the right half. This is expected to spread out the interpolation error. An actual reconstruction example using this method is shown in Fig. 4 .
The main assumptions of the reconstruction algorithm are: 1. The type of detail (horizontal, or vertical) being reconstructed B.2 Reconstruction of non-edgy blocks
..
determines which of the neighboring blocks are used for reconstruction: 2. The above propagation of details does not cross an edge.
Differing from [a] . where the authors always interpolate the lost DCT coefficients from the entire 4-neighborhood, our algorithm selects which blocks among the 8-neighborhood will be in the simplest possible case we need to interpolate all types of details from all neighbors of the lost block. The method for interpolating horizontal and vertical details is exactly as explained above for edgy blocks, i.e horizontal (resp. vertical) details are interpolated from left and right (resp. top and bottom) neighbors. In case an edge occurs in the neighborhood of the lost non-edgy block, then the block containing that edge is removed from the interpolation process to prevent the unpleasant edge migration effect.
If higher computational levels are accepted, non-edgy blocks could also be addressed using wavelet-based texture synthesis Simulated Loss Reconstructed Iv. EXPERIMENTAL RESULTS
I
losses and also shows how the execution time increases. We note that the PSNR remains satisfactory (above 30 db) even for losses upto 15% and the CPU time required to repair this loss is only about 80 ms.
Since we have no control over the fading channel. there is no prior information about the relative locations and number of blocks that can be lost in the process. We note that before transmission of the 8 x 8 blocks, a packetization scheme is applied ..
so that a bursty packet loss during transmission is scattered into a pseudorandom loss in the image domain. Therefore, consecutive image blocks are rarely lost and the reconstruction scheme can use the neighborhood of the lost block for reconstruction. A sample packetization scheme may be found in [Z] . 
